Objective: To examine whether spouses of patients with severe sepsis are at increased risk for depression independent of the spouse's presepsis history, whether this risk differs by sex, and is associated with a sepsis patient's disability after hospitalization.
H undreds of thousands of Americans are hospitalized for the treatment of severe sepsis annually, making it the most common noncardiac cause of critical illness (1) . Recently, it has been identified that patients who survive severe sepsis have diminished quality of life (2) and are at increased risk of new cognitive impairments as well as functional limitations (3) . Furthermore, patients who survive severe sepsis have high rates of depression both before and after their sepsis-related hospitalization (4) .
Although knowledge is increasing about the emotional well-being of survivors of severe sepsis, relatively little is known about the emotional toll severe sepsis takes on those patients' loved ones. Patients with severe sepsis often require treatment in an intensive care unit (ICU) (1) , which can be an extremely stressful experience for their family members (5) . Prior studies have identified that some family members of critically ill patients can have high rates of depressive symptoms (5) (6) (7) (8) (9) . Ascertaining the mental health of loved ones of critically ill patients is of particular importance because depression in family members could affect end-of-life care decisions in the ICU (5) , and depression could impact a loved one's ability to care for a critical illness survivor following their hospitalization (10) . The latter point is particularly salient among survivors of severe sepsis, many of whom face levels of cognitive impairment and functional limitations that greatly increase the amount of caregiving they require (3, 11) .
Although family members of severe sepsis patients may be at increased risk of depression, it is unknown to what extent this risk is due to the increased mortality of sepsis patients (1) , the ongoing disability that can occur after sepsis (3) , or other aspects of the experience of sepsis. Also, it is unknown whether this risk of depression in family members of severe sepsis patients is independent of their own depression history prior to the patient's sepsis hospitalization. Furthermore, although community-dwelling older women have higher rates of depression compared to men (12) , it is unclear whether wives of severe sepsis patients are at greater risk of depression than their husbands.
The present study uses an ongoing longitudinal cohort of older Americans to examine whether husbands and wives of patients with severe sepsis are at risk for depression independent of their own prior history, if this risk is affected by whether a patient survives severe sepsis, and if this risk is associated with a sepsis patient's disability following a sepsis hospitalization. This approach is novel and offers the distinct advantages of national scope and prospective assessment of depressive symptoms with a consistent instrument, avoiding the challenges of using proxy or retrospective assessment of baseline symptoms (13) .
MATERIALS AND METHODS
Study Population. Our study cohort comes from the Health and Retirement Study (HRS), a nationally representative, longitudinal investigation of community-dwelling U.S. adults > 50 yrs of age. The study began in 1992, and to date over 27,000 individuals have participated. Subjects (and their spouses if married) are reinterviewed every 2 yrs. The follow-up rate for the HRS has exceeded 90% to 95%, including proxies (14) , and 16,772 participants have consented for linkage of their Medicare claims records with study data. The HRS protocol was approved by the University of Michigan Institutional Review Board. Study participants provided informed consent upon enrollment and again for linkage to Medicare claims.
The present study examines patient-spouse dyads with at least one HRS interview from 1993 to 2008 and for whom the patient had Medicare claims-based data for a subsequent hospitalization for severe sepsis from 1993 to 2008. All patients and/or their spouses were followed up through death or the 2008 HRS wave. Data were analyzed for up to three HRS interviews prior to severe sepsis and up to four interviews after severe sepsis.
Demographic and Clinical Characteristics. We obtained data on patient and spouse demographics (i.e., age, self-reported race and ethnicity, sex, education, employment status), alcohol use, and smoking from the HRS interviews.
Baseline chronic medical conditions in spouses (Elixhauser comorbidity measures) (15), as well as clinical characteristics of the severe sepsis hospitalization, including an organ dysfunction score (the sum of the number of organ failures of cardiovascular, neurologic, hematologic, hepatic, renal, or respiratory origin) (1, 16) and length of stay for the severe sepsis hospitalization, were abstracted from the Medicare claims.
Definition of Severe Sepsis. We used a clinically validated and widely used claims-based definition of severe sepsis (1, (17) (18) (19) (20) . The definition requires evidence of a concomitant infection and new-onset organ dysfunction during a single hospitalization, consistent with the international consensus conference definitions of severe sepsis (18) . We focus on severe sepsis as a single syndrome, rather than the underlying infectious processes, in line with current thought that emphasizes the importance of the common host response in the pathogenesis, treatment, and outcome of severe sepsis (21) (22) (23) (24) . For patients who had more than one distinct hospitalization for sepsis, each hospitalization was included, with appropriate adjustment of the standard errors as described below.
Depressive Symptoms. The HRS assessed depressive symptoms at each wave with an eight-item version of the Center for Epidemiologic Studies Depression Scale (25) . Prior studies have reported that this modified version loses little of the structure and precision of the original scale (26, 27) . Using a cutoff of ≥3 has been found to have a sensitivity of 71% and specificity of 79% for the diagnosis of major depression compared to structured diagnostic interview (28) . We used a cutoff score of ≥4 on the eight-item Center for Epidemiologic Studies Depression Scale to define substantial depressive symptoms because this threshold was estimated to be comparable to the cutoff score of ≥16 on the full Center for Epidemiologic Studies Depression Scale by HRS investigators (29) and has been used in several prior studies (30) (31) (32) .
Disability. To examine disability, respondents (or their proxies) were asked at each interview whether they required assistance with any of six activities of daily living (ADLs): walking, dressing, bathing, eating, getting into or out of bed, and toileting.
Statistical Analysis. Because major depression is more prevalent among older women than men (12) , and given an extensive sociological literature on gender differences in caregiving and bereavement (33) , we stratified all analyses by gender.
Our unit of analysis for all analyses was the hospitalization. For unadjusted analyses, we grouped spouses of patients with severe sepsis hospitalizations by the number of HRS interviews that they completed after the hospitalization. For example, we compared all spouses at the most recent interview before the patient's severe sepsis episode with spouses at their first interview after the patient's hospitalization.
To test the hypothesis that severe sepsis is associated with an increased risk of substantial symptoms of depression among patients' spouses using multivariable models, we used so-called fixed effects logistic regression models that use the longitudinal nature of the data to control for all stable characteristics of the spouses (3). Our data were organized at the interview level, one line per interview per severe sepsis hospitalization. Our independent variable was time from admission date for severe sepsis, measured to the day of each interview, as a continuous variable. We allowed the rate of developing substantial depressive symptoms per unit time to change from before sepsis to afterward by parameterizing time as a linear spline with a knot at the day of admission for the severe sepsis hospitalization. We also included a dichotomous indicator variable that distinguished interviews prior to the severe sepsis hospitalization date from interviews after, grouping spouses by the number of interviews they had completed since the patient's severe sepsis episode. We used a hospitalization-level fixed effect, sometimes called conditional models (34) . This definition of "fixed effects" is different from the term "fixed effect" referring to regression seen commonly in the biostatistical literature (35) . These results controlled for the spouse's depressive symptom status before the patient's severe sepsis episode. In other words, spouses served as their own controls. Only within-person variation over time was used to estimate the effect of severe sepsis on spouses. No parameters or limitations were set on the hospitalization-specific intercept terms, thus making these models very flexible. This analysis was implemented using clogit in STATA 11 (Stata Corporation, College Station, TX). To examine the extent that levels of spousal postsepsis depressive symptoms were affected by patient mortality, we performed an analysis where we stratified by whether or not the patient survived severe sepsis. Finally, to study whether the risk of substantial depressive symptoms in spouses of patients who survived severe sepsis was associated with the degree of patient disability after sepsis, we performed an analysis in which we adjusted for the number of ADL impairments that a severe sepsis survivor had.
We used two-sided significance tests for all analyses with statistical significance set at p = .05. Analyses were performed with appropriate components of the IBM SPSS Statistics 18 (SPSS, Chicago, IL) and STATA 11 (Stata Corporation) statistical software programs.
RESULTS
From 1993 to 2008, 929 HRS respondents had a spouse who was hospitalized for severe sepsis, comprising 1,212 hospitalizations for severe sepsis during that time period ( Fig. 1 ). Slightly more than one fifth of the patients required their spouse to serve as a proxy respondent. Just over one fifth of the severe sepsis hospitalizations ended in patient death (Table 1) . Table 1 describes the baseline characteristics of patients and spouses as well as clinical characteristics of the severe sepsis-related hospitalization. Spouses were followed for up to three interviews before severe sepsis (mean of 5.1 yrs) and four interviews after severe sepsis (mean of 7 yrs). Of the hospitalizations, 865 (93%) spouses completed at least one follow-up depression assessment.
Pre-and Postsepsis Depressive Symptoms among Spouses. Figure 2 presents the prevalence of substantial depressive symptoms in wives who had a husband hospitalized for severe sepsis before and after sepsis. The prevalence of substantial depressive symptoms among wives increased from 20% (95% confidence interval [CI] 17%, 23%) at the most recent interview before sepsis, a median of 1.1 yrs presepsis, to 34% (95% CI 30%, 37%) at the first interview after severe sepsis, a median of 1 yr later (14 percentage point increase, p < .001 by chi-square test). Among husbands, the prevalence of substantial depressive symptoms increased from 17% (95% CI 13%, 21%) at the most recent interview before severe sepsis to 25% (95% CI 20%, 31%) at the first interview after sepsis (8 percentage point increase, p < .001 by chi-square test) ( Fig. 3) .
Effects of Severe Sepsis on Subsequent Substantial Depressive Symptoms among Spouses. In fixed effects logistic regression, which controls for all spousal characteristics that do not change over time, having a husband hospitalized for severe sepsis was associated with 3.74 times the odds (95% CI 2.20, 6.37) of subsequent substantial depressive symptoms among wives (Table 2) . However, having a wife hospitalized for severe sepsis was not significantly associated with subsequent substantial depressive symptoms among husbands, although there is a large CI for the estimate (odds ratio 1.90, 95% CI 0.75, 4.71) ( Table 3) . Women continued to have greater odds of substantial depressive symptoms even when their spouse survived a severe sepsis hospitalization (odds ratio 2.86, 95% CI 1.06, 7.73). a Patient and spouse baseline characteristics are from the last health and retirement study interview before the severe sepsis hospitalization.
All values are mean ± sd or n (%) unless otherwise indicated.
Wives of severe sepsis survivors who were disabled were more likely to have substantial depressive symptoms (odds ratio 1.35 per ADL limitation of sepsis survivor, 95% CI: 1.12, 1.64). However, controlling for patient disability appeared to somewhat attenuate the association between husband sepsis and spousal substantial depressive symptoms (odds ratio 2.61, 95% CI: 0.93, 7.38). For husbands, there was no evidence of increased depressive symptoms if their wives survived their sepsis episode (Table 3 ). For husbands, there was also no statistically significant association of substantial depressive symptoms with greater postsepsis disability in their wives.
DISCUSSION
In this nationally representative longitudinal investigation of older adults, we found that having a husband hospitalized for severe sepsis is associated with a near quadrupling of the odds of substantial symptoms of depression among wives, and a near tripling of the odds of substantial depressive symptoms if their husband survived sepsis, suggesting that our results are not explained by bereavement. Furthermore, each additional impairment of ADLs that a severe sepsis survivor had was associated with a 35% increase in the odds of substantial depressive symptoms in their wife, an association that could be reflective of the increased burdens of informal caregiving for a disabled older adult. To our knowledge, this study is the first investigation of depressive symptoms in spouses of older patients with severe sepsis that uses a standardized measure of depressive symptoms administered to spouses prospectively and prior to the patient's illness, and thereby to show clear evidence of a dramatic increase in rates of depressive symptoms among caregivers of severe sepsis.
While our data for wives are clear, we must acknowledge that the data for husbands are less definitive. There was a significant unadjusted association between having a wife hospitalized for severe sepsis and an increased prevalence of subsequent substantial depressive symptoms. However, this association was not significant in multivariate models, nor was the association between increasing ADL impairments in sepsis-surviving wives and substantial depressive symptoms in husbands. These findings could be due to response bias because of older men possibly being less willing to report depressive symptoms (36) , as well as to insufficient statistical power given the wide CI surrounding the adjusted odds ratios for depressive symptoms in husbands. A clinically meaningful effect of sepsis on husbands is not completely ruled out by these results.
These findings have important implications for the growing literature on the central importance of spouses to the care of critically ill patients. Spouses have been well recognized to play a crucial but challenging role as surrogate decision makers for critically ill patients (5, 37, 38) . Similar to prior studies of depression in community-dwelling older adults using questionnaire measures (39, 40) , spouses of older patients hospitalized for severe sepsis in our study had relatively high rates (20% in wives and 17% in husbands) of substantial depressive symptoms during the year prior to the sepsis episode. Depression in spouses of critically ill sepsis patients could affect patient care decisions due to the spouse overestimating the risks and underestimating the benefits of a suggested course of treatment and/or impairing their decision-making abilities (5, 41) . This may explain some of the remarkable challenges in information processing noted in decision making by surrogates (42) . Even as a spouse's presepsis depression may have implications for ICU decision making, there is evidence that the processes of ICU decision making and care may impact spousal mental health after the critical illness experience (9) . For example, one important randomized controlled trial showed that relatively modest changes to enhance communication during family meetings in French ICUs could reduce short-term levels of anxiety and depression among spouses of dying critically ill patients (43) . Additional study is warranted to see if these or other ICUbased interventions could prevent longerterm depressive symptoms in spouses of older adults who are hospitalized with severe sepsis.
Moving beyond the acute care setting, there has been increasing recognition that the caregivers of survivors of critical illness may face substantial burdens (44, 45) . In this context, our study shows that severe sepsis, in particular, may place a real and substantial burden on spouses, and extends beyond past work by providing evidence of several key potential mechanisms linking severe sepsis and subsequent psychiatric morbidity. We demonstrate for the first time that bereavement after severe sepsis is potentially associated with real and substantial depressive symptoms, as would be expected based on the ubiquitous and substantial bereavement symptoms after other causes of death (12, (46) (47) (48) . However, more novelly, we document the burden of a substantial increase in depressive symptoms among the spouses of severe sepsis survivors, and its relationship to disability among those survivors.
Disability after severe sepsis is very common. In a related cohort of older Americans, over 59% of severe sepsis survivors had worse cognitive or physical function after their sepsis hospitalization (3) . Our data demonstrate that each additional limitation in an ADL for a survivor of severe sepsis is associated with a clinically and statistically significant increase in the odds of substantial depressive symptoms for his wife, consistent with prior studies that have found that wives are more likely to be the primary caregiver for their disabled husbands than vice versa (33) , and that female caregivers are at increased risk of depression compared to male caregivers across a wide range of populations due to the physical and emotional burdens of caregiving (49) (50) (51) (52) . The present study adds important urgency to ongoing clinical and research efforts to reduce disability in older adults surviving serious medical illnesses (53, 54) and to provide appropriate multidisciplinary resources to facilitate rehabilitation. Beyond the direct benefits to the patients and to society of having less disability in sepsis survivors, such efforts might also reduce the burden of depression on surviving spouses, particularly important in the light of work demonstrating the adverse health outcomes of older caregivers with emotional distress (55) , and the negative health effects of depression on older adults (56) . To the extent that depressed spouses are less able to support patients in ongoing rehabilitation, mental health interventions for spouses might be hypothesized to be an efficacious way to improve the outcomes of patients themselves.
Our findings also argue for strong consideration among clinicians on providing ongoing support and potential mental health screening for spouses as part of a comprehensive program of patient and family-centered post-ICU care. Furthermore, providers must learn to assess the burden that postdischarge follow-up plans may place on the patient's spouse, and consider their feasibility and vulnerability to reduced spousal participation due to depression. Also, nonspousal family members and support networks could be brought in to help facilitate the patient's post-ICU recovery. Prior work has identified that adult children of older adults with chronic illnesses could be an important resource for providing additional support (57) , and future investigations in the context of critical illnesses could elucidate the importance of adult children and other support networks in the postillness recovery period.
Our study does have several limitations. Because we studied older Americans, the associations with severe sepsis and spousal depressive symptoms may be different in younger spouses. Furthermore, due to the methodology of our cohort, we cannot comment on the potential effects of severe sepsis on the emotional well-being of nonspousal caregivers. Also, since we assessed depressive symptoms with a questionnaire and not a diagnostic interview, a diagnosis of major depression could not be made. The eight-item Center for Epidemiologic Studies Depression Scale has been used in many relevant populations (4, (30) (31) (32) , but it has not been specifically validated for use in spouses of patients with severe sepsis. Furthermore, we used a claimsbased definition of severe sepsis, which although not the same as prospective clinical assessment, has been validated and widely used (1, (17) (18) (19) (20) . In addition, we did not have a measure of illness severity related to the severe sepsis hospitalization, so we could not investigate the potential role of severity of sepsis as a predictor or effect modifier of spousal depression. Finally, the possibility of residual confounding remains as in any observational study.
CONCLUSIONS
Using a nationally representative sample of older adults, we found that wives of patients hospitalized with severe sepsis may be at significantly greater risk for substantial depressive symptoms following their spouses' sepsis episode, and that this association is present in the majority of wives whose husbands survive hospitalization. We also identified that wives of older men who survive severe sepsis with lasting disabilities have increased odds of substantial depressive symptoms. Future research focusing on improving communication between providers and spouses of severe sepsis patients along with interventions that increase identification and treatment facilitation of depression in spouses of patients with severe sepsis, could improve the health and quality of life for this growing population of older Americans.
